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Abstract of JP81 13652 

PURPOSE: To produce fine polymer particles stably without adversely affecting the environment by 
dissolving a solid polymer material in a supercritical phase using specific substances and allowing the 
resultant soln. to rapidly expand. CONSTITUTION: A solid polymer material, pref. a synthetic resin or a 
coating powder, is dissolved in a supercritical phase using carbon dioxide and at least one polar org. 
solvent selected from among methanol, ethanol, propanol, and acetone and the resultant soln. is 
allowed to rapidly expand. The solid polymer material pref. comprises at least one material selected 
from among an acrylic resin, a polyester resin, an epoxy resin, an acrylic clear coating powder, an 
acrylic enamel coating powder, and a polyester enamel coating powder. 
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* NOTICES * 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the macromolecule particle characterized by making it 
dissolve in a supercritical phase using a carbon dioxide and a polar organic solvent, and carrying 
out rapid expansion of the macromolecule solid-state raw material. 

[Claim 2] The manufacture approach of a macromolecule particle according to claim 1 that a 
macromolecule solid-state raw material is synthetic resin or powder coatings. 
[Claim 3] The manufacture approach of the macromolecule particle according to claim 2 which is 
at least one sort chosen from the group which synthetic resin or powder coatings becomes from 
acrylic resin, polyester resin, an epoxy resin, acrylic clear powder coatings, acrylic enamel 
powder coatings, and polyester enamel powder coatings. 

[Claim 4] The manufacture approach of a macromolecule particle according to claim 1 that 
macromolecule solid-state raw materials are powder coatings. 

[Claim 5] The manufacture approach of the macromolecule particle according to claim 1, 2, 3, or 
4 which is at least one sort chosen from the group which a polar organic solvent becomes from a 
methanol, ethanol, propanol, and an acetone. 

[Claim 6] The manufacture approach of the macromolecule particle according to claim 1 , 2, 3, 4, 
or 5 characterized by controlling the particle size distribution of the macromolecule particle 
manufactured by controlling at least one of working pressure and blasting distance in carrying 
out rapid expansion. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention' relates to the manufacture approach of the macromolecule 
particle by making it dissolve in a supercritical phase using a carbon dioxide and a polar organic 
solvent and carrying out rapid expansion in more detail, about the approach of atomizing a 
macromolecule solid-state raw material. 
[0002] 

[Description of the Prior Art] Atomizing macromolecule solid-state raw materials, such as a 
coating containing synthetic rosin and this. etc. is variously performed from raising such utifity 
value. Conventionally, atomization of a macromolecule solid-state raw material was performed by 
grinding, tho reacting method, etc. in many cases. Atomization of tho macromolecule solid-state 
raw material by grinding was difficult to require much mechanical energy, for example, to 
manufacture a particle 1 micrometer or less efficiently. Moreover, the impurity mixed at the time 
of grinding, and there were problems, like distortion of a particle arises, there is fear of mixing of 
inpurities, such as a solvent in atomization of the macromolecule solid-state raw material by 
the reacting method, and purification of the manufactured particle is difficult — etc. — there 
was a problem. 

(0003] The principle of RESS in which the solute it became impossible to be able to finish 
melting by carrying out rapid expansion after dissolving an inorganic oxide and a macromolecule 
in the supercritical water under elevated-temperature high pressure serves as a particle, fiber, a 
thin film. etc.. and deposits is used for the reference ("science [ of the high-pressure force 3. 
and technical" 1 volume. No. 4. 263-271 pages (1992)) by Tanaka and others, and it is Si02. The 
technique of atomizing is indicated. Although tho principle of this RESS has the description in 
the place which carries out rapid expansion whero a solid-state is dissolved in a supercritical 
object this tecrwiquo uses supercritical water, and it is Si02. Since it was related with 
manufacture of a particle, it was not what suggests possibility that it is actually applicable to 
manufacture of a macromolecule solid-state raw material. 

[0004] The technique of manufacturing a particle or a thin film is indicated by making the mixed 
solvent of an organic solvent and supercritical fluid without polarities, such as toluene which 
dissolves the acrylic res* used as a coating raw material etc. in it even when it is independent in 
a ****** No. 500210 [ 81 to ] official report in order to reduce the amount of the organic 
solvent used. form, and carrying out rapid expansion. 

[0005] However, since the organic solvent remained after rapid expansion and this residual 
organic solvent dissolved the macromolecule solid-state raw material again in order to carry out 
rapid expansion, where a macromolecule solid-state raw material is dissolved also in an organic 
solvent using the toluene which does not have a polarity, the technique of a ****** No. 500210 
[ 61 to ] official report indication had the problem of being unable to atomize stably. 
Furthermore, although organic solvents, such as toluene, were harmful to the body, it will 
volatilize in the above-mentioned process end there was a trouble on environmental protection 
[0006] By the way. various coatings are used in paint of an automobile, home electronics, etc. In 
recent years. VOC regulation comes to be cried for and a water paint and powder coatings came 



to attract attention among these as what is replaced with a solvent mold coating with a 
poss&tlity of polluting an environment However, the water paint has the fault in which the engine 
performance is inferior as compared with a solvent mold coating, could not avoid effect from 
humidity, and was not able to solve the difficulty of viscous control in essence from volatile 
badness. 

[0007] From the above-mentioned situation, recently, powder coatings attract attention and 
improvement in the quality came to be desired. In order to raise the engine performance of 
powder coattogs. the particle needed to be made into the particle diameter of about 30-50 
micrometers, and. moreover, distribution of particle diameter needed to be controlled within fixed 
Emits. 

[0008] Furthermore, since powder coatings essentially apply the adsorption power of static 
electricity, end the painted surface is made they to apply and carry out heating melting, they are 
stiffened and make a paint film form by this, they were what cannot avoid being generated by the 
amount of excess in the process of spreading to the painted surface by a spray etc. Then, when 
a part for the excess produced after the spreading process to the painted surface of a spray etc. 
could be collected and reused, the advantage in the financial side became what was greatly 
excellent also from the point of environmental protection again, but when the foreign matter of a 
solvent and others was mixing into powder coatings, it was difficult [ it ] to reuse a part for the 
excess after spreading. 

[0009] Powder coatings manufacture the solid coating which is a macromolecule solid-state raw 
material to a pellet type uitil now. and this is ground mechanically and. usually was 
manufactured. It was difficult for the powder coatings manufactured by this grinding to make that 
particle diameter into homogeneity, and when [ to the painted surface ] it applied, since it was 
difficult to make a thin film form, the present condition was limited only to fixed applications, 
such as a guard rail and a steel pipe. 
[0010] 

[Problemfs) to be Solved by the tovention] This invention aims at offering the approach of 
atomizing stably a macromolecule solid-state raw material, especially a powder-coatings raw 
material, in view of the above, without having a bad influence on an environment 
[0011] 

[Means for Solving the Problem] The summary of this invention dissolves a macromolecule solid- 
state raw material in a supercritical phase using a carbon dioxide and a polar organic solvent and 
is in the place which manufactures a macromolecule particle by carrying out rapid expansion 
after that 

[0012] Moreover, in carrying out rapid expansion of the supercritical phase, tho summary of this 
invention is also in the place which controls the particle size distribution of the macromolecule 
particle to manufacture in the above-mentioned approach by controlling at least one of working 
pressure and blasting distance. 

[0013] It is not restricted especially as a macromolecule solid-state raw material which can 
apply the manufacture approach of this invention, but the coating containing the synthetic resin 
and this which are generally used etc. can be mentioned. As such a thing, acrylic resin, polyester 
resin, an epoxy resin, acrylic clear powder coatings, polyester enamel powder coatings, etc. can 
be mentioned. 

[0014] When the above-mentioned macromolecule solid-state raw materials are powder 
coatings, the utility value of especially the manufacture approach of this invention is high. As the 
above-mentioned powder coatings, especially rf usually used for paint of an automobile, home 
electronics, etc, it will not be limited, for example, acrylic clear powder coatings, polyester 
enamel powder coatings, etc. can be mentioned. 

[0015] to this invention, the above-mentioned macromolecule solid-state raw material is 
dissolved in a supercritical phase using a carbon dioxide and a polar organic solvent It is not 
limited especially as the above-mentioned polar organic solvent for example, a methanol, 
ethanol. propenol. an acetone, etc. can be mentioned. The above-mentioned polar organic 
solvent does not have a possibility of mixing into a particle, when not dissolving the 
macromolecule which atomized unlike nonpolar solvents, such as toluene, and manufacturing 
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especially powder coatings. Moreover, all have little effect on the body end do not have worries 
about etvvb-onmental pollution. 

[0016] to this invention, a particle is manufactured using the equipment which makes the above- 
mentioned macromolecule solid-state raw material form, and carries out rapid expansion for a 
supercritical phase using a carbon dioxide and tho above-mentioned polar organic solvent. As a 
particle manufacturing installation used by this invention, the equipment using tho supercritical 
fluid by the principle of RESS as shown in drawing 1 can be used, for example. The above- 
mentioned particle manufacturing installation consists of the pressure-up section from a bomb 1 
to a stop valvo V-2. and the extract section of the lower stream of a river. 
[0017] The pressure-up section consists of the following. A siphon-type carbon-dioxide bomb is 
used for Bonn ** 1 in order to send liquid carbon dioxide to the pump 5 for pressure ups. In 
order to remove the moisture in the liquid carbon dioxide sent from a bomb, a dry pipe 2 is 
placed between a bomb and a pump. The specification of a dry pipe is good by the quality of the 
material SUS 316, maximum-allowable-working-pressure 20MPa. the bore of 35.5mm. and die 
length of 310mm. 

[0018] Moreover, for example, molecular- sieve 5A (1/16 inch Pellet. GL Saiensu-Sha make) is 
used for a desiccating agent The liquid carbon dioxide removed in moisture by the dry pipe is 
[ about ] in a refrigeration unit 3. BL-22 [ for example, ]. (the Yamato science company make). - 
It is cooled by the ethylene glycol kept at 12 degrees C. and is sent to the pump 5 (gas supply 
pump) for pressure ups. The single plunger pump for high pressures, for example. APS-5L 
(maximum-pressure 58.8MPa, working pressure 49.0MPa. a flow rate 0.5 - 5.2 ml/mtn. GL 
Saiensu-Sha make) is used for a gas supply pump. 

[0019] The pump head part is equipped with the refrigeration unit in order to prevent evaporation 
of liquid carbon dioxide. Moreover, in order to prevent impurities, such as dust mixing in a gas 
supply pump, for example, four to FT 10 mold (GL Saiensu-Sha make) is used as a filter 4. Tho 
pore pitch diameter of a filter is good at about 10 micrometers. The pressure in a system is set 
as the pressure of arbitration by the pressure regulating valve V-1. A pressure regulating valve 
can control the pressure in a system by **0.1MPa. 41.5MPa(s) (415bar) extent of a maxinum 
working pressure is good, for example. 26-1721-24 (product made from TESC0M) is used. The 
pressure in a system is measured with a pressure gage 6. LCG-350 (maximum-working-pressure 
34.3MPa. GL Saiensu-Sha make) of for example, a bull boss type is used for a manometer. The 
upper limit contact output terminal b attached to this pressure gage, and it installs so that a gas 
supply purr*} may be turned off by the assignment pressure. Moreover, economy manometer, for 
example. PE.-33-A (a strain gage type. **0.3* of precision. Tsukasa Sokken CO.. LTD. make) is 
used for assay of these manometers. 

[0020] to order to control the pressure of the extract section, a stop valve V-2 is installed 
between the pressure-up section and the extract section, to a stop valve, it is 2Way. Valve 02- 
0120 (maximum-working-pressure 98.0MPa. GL Saiensu-Sha make) is used. Moreover, a relief 
valve 7 is installed for insurance. A relief valve is a spring-loaded type (product made from 
AKICO) thing, and it adjusts and it is authorized as the pressure in a system operating by 
34.3MPa(s). to addition, other parts use »/8 inch stainless steel tubing (SUS316. the outer 
diameter of 3.175mm. bore of 2.17mm) for piping of the pressure-up sections other than the 
section from a bomb to a filter altogether using 1/16 inch stainless steel tubing (SUS316. the 
outer diameter of 1.588mm. bore of 0.8mm). 

[0021] The extract section is installed in the water thermostat 12 in which the height control of 
the whole tub is possible. The content volume of a water thermostat is 80dm3. It is good, for 
example, water temperature can be controlled by **0.l degrees C with a temperature selector 
DBI0O0 (CHINO Corp. make). Platinum resistance temperature detector 1TPF483 (CHIN0 Corp. 
make) is used for the temperature temperature measurement section 16. Tho liquid carbon 
dioxide supplied from the pressure-up section is sent to the preheating column 8. A preheating 
column is for carrying out the preheating of the solvent (carbon dioxide) to terminal temperature, 
and making it supercritical fluid, for example, transforms 1/8 inch stainless steel tubing (SUS316, 
the outer diameter of 3.175mm. the bore of 2.17mm. die length of about 4m) with a diameter [ of 
55mm ]. and a die lenguS of 140mm in the shape of a spiral, snd is installed into a water 



thermostat 

[0022] The carbon dioxide made into supercritical fluid with \he preheating column passes the 
check valve 9 which prevents the back flow of a fluid, SS-53F4 [ for example. ], (maximum- 
working-pressure 34.3MPa. product made from AKICO). and is introduced into the extract eel 10 
containing an extracted sample by adjusting a stop valve V-3 and V-4. The stop valve V-3 was 
installed in order to prevent raising the pressure of the gaseous-phase part in an extract cel. 
and the sample solution spouting directly. A quick closing motion mold extract eel (product made 
from AKICO) can be used for an extract cel. for example, it is good at the quality of the material 
SUS 316. design pressure 39-2MPa (400kg/cm2). design-temperature 423.1 5K (150 degrees C). 
the bore of 55mm. height of 220mm. and 500ml of content volume. In order to stir the coating 
and solvent in an extract eel, the motor 1 1 (for example, product made from AKICO) for gear 
change mold stirring is installed. 20 - 300rpm is sufficient as agitating speed, and it can display 
the rotational frequency of a stirring shaft with a digital rotation display meter. The stirring 
aerofoil to the motor for gear change mold stirring and an extract eel is connected with an 
electromagnetic non seal agitator (for example, the quality of the material SUS 316). 
[0023] The pressure in a col is measured with the bull boss type pressure gage 13. E93004 [ for 
example. 1 (maximum-pressure 49.0MPa. the Yamasaki instrument factory company make). 
Moreover, for example, economy manometer PE-33-A (a strain gage type. **0.3% of precision 
FS. FSJujf/cm2. Tsukasa Sokken CO.. LTD. make) is used for assay of this manometer. A relief 
valve 14 is installed in order to prevent explosion by the pressure buildup in a cel. A spring- 
loaded type thing (for example, product made from AKICO) is used for a relief valve, it has 
adjusted and it has authorized it as the pressure in a system operating by 34.3MPa(s). 
[0024] The supercritical fluid (carbon dioxide) which the sample dissolved is introduced into an 
air thermostat 19 through the protecting tube 15. For example. 1/8 inch stainless steel tubing 
(SUS316. the outer diameter of 3.175mm. the bore of 2.17mm. die length of about Im) is used for 
the protecting tube 15. to order to prevent condensation of the sample accompanying reduced 
pressure, and generating of the dry ice by supercritical fluid (carbon dioxide), tho protecting tube 
is held at about 80 degrees C by the heating system The content volume of an air thermostat 
19 is 125dm3. The temperature in a thermostat is controllable by **0.05 degrees C with a 
temperature selector 1000 (CHINO Corp. make), for example. DB. The temperature up of the 
coating and solvent which were dissolved into supercritical fluid (carbon dioxide) is carried out to 
operating temperature by the preheating column 8. and they are injected from a nozzle 1 7 by 
opening a stop valve V-5. A nozzle uses a unr-jet nozzle (for example, the orifice diameter of 
0.28mm. the maximum allowable working pressure of 280kg/cm2. and tungsten-carbide company 
make). The structure is shown in drawing 2 . The tojocted macromolecule solid-state raw 
material is made to deposit 
[0025] 

[Example] Although the example of this invention is hung up over below and explained to it in 
more detail, this invention is not limited to these examples, to addition, the equipment shown to 
drawin g 1 was used for the following examples. The fine-particles-like thing used the sample 
used in the example as it was. and tho thing of a pellet type used the mortar bofore restoration, 
it was broken completely and used by making it into the shape of powder. 
[0026] Into the example 1(1) extract eel 10. as a giant-molecule solid-state raw material, acrylic 
resin A(A-224S component gtycidyl methacrytate, styrene. methyl methacrylate. number- 
average-molecular-weight 5000. 1 1 2 degrees-C [ of softening temperatures ]. Dainippon Ink 
industrial company mako)10g and ethanol 300ml were taught and the eel was installed at tho 
position. 

(2) Where a bulb V-2 is closed, from the bomb I. the carbon dioxide was supplied and the 
leakage test in a sink and an experimental device was performed for the carbon dioxide about 10 
minutes. 

[0027] (3) The pressure in a system (pressure-up section) was raised to 25MPa(s) with the 
pump 5 for pressure ups. to order for a pressure regulating valve V-1 to adjust an actuation 
pressure to **1% to this condition and to check the engine performance of a pressure regulating 
valve and a pump, the upstream was operated by tho actuation pressure for a while from the 
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bub V-2. 

(4) The water thermostat 1 2 was made into 35 degrees C. and temperature control of the 
protecting tube IS was made to 80 degrees C. 

(5) It checked whether aO the bulbs of the extract section would have closed, the bulb V-2 was 
opened, and the choke damp was sent to the extract section. 

(6) The bulb V-3 was opened, and rt was left for a while until the inside of an extract eel became 
an actuation pressure. 

[0026] (7) The inside of an extract eel was stirred by the stirring motor. The digital rotation 
display meter adjusted the rotational speed of a stirring shaft 

(8) After it pressurized and adjusted the whole system to the actuation pressure and the 
pressure became fixed, the inside of an extract eel was stirred by the stirring motor, and was left 
about 30 minutes. The digital rotation display meter adjusted the rotational speed of a stirring 
shaft 

(9) The bulb V-5 was opened, and while making it decompress from 200a tm to lOOatmfs). it 
injected. The coating and solvent which dissolved into supercritical fluid (carbon oioxide) by this 
were sprayed on the panel 18 from the nozzle 17. 

(10) The collection of the particle deposited on the floor line (glass plate) was carried out to the 
panel 18. 

(1 1) The particle was observed with the scanning electron microscope (SEM) (the AkasK factory 
company make), and the SEM image was shown in drawmg 3 . Moreover, particle diameter was 
measured with the Shimazu laser diffraction type particle-size-distribution measuring device 
(SALD-2000). Mean particle diameter with eel internal pressure 200atm. a test chamber 
temperature ( of 35 degrees C ]. and a blasting distance of 30cm was 15 micrometers. 

[0029] It carried out like the example 1 except having replaced the example 2 giant-molecuJe 
solid-state raw material with polyester resin (GV-150. a component: a terephthaBc acid, 
neopentyl g)ycol. ethylene glycol, number average molecular weight 3000. Japan U-PiCA Co.. Ltd. 
make). Mean particle diameter with eel internal pressure 200atm, a test chamber temperature 
( of 35 degrees C ]. and a blasting distance of 30cm was 1.1 micrometers. The particle which 
carried out the collection was observed with the scanning electron microscope (SEM). and the 
SEM image was shown in drawing_4 . 

[0030] It earned out lfco the example 1 except having replaced the example 3 giant-molecule 
solid-state raw material with the epoxy resin (YD-014. a component: bisphenol A / 
epichlorohydrin addition product, epoxy value 59. number average molecular weight 3000. Tohto 
Kasei Co.. Ltd. make). Mean particle diameter with eel internal pressure 200atm. a test chamber 
temperature [ of 35 degrees C ]. and a blasting distance of 30cm was 1.4 micrometers. The 
particle which carried out the collection was observed with the scanning electron microscope 
(SEM). and the SEM imago was shown in drawing 5 . 

[0031] It carried out like the example t except having replaced the examplo 4 macromolecule 
solid-state raw material with acrylic cloar powder coatings (PAUDAKKUSU A-500. combination: 
acrylic resin, a curing agent, an additive. Nippon Paint Co.. Ltd make). Mean particle diameter 
with eel internal pressure 200a tm. a test chamber temperature [ of 35 degrees C ). and a 
blasting distance of 30cm was 1.0 micrometers. The particle which carried out the collection was 
observed with the scanning electron microscope (SEM). and the SEM image was shown in 
drawing 6 . 

[0032] It carried out Eke the example 1 except having replaced the examplo 5 macromolecule 
solid-state raw material with polyester enamel powder coatings (PAUDAKKUSU P-100. 
combination: polyester resin, a curing agent an ad<fitive. a pigment (titanium oxide). Nippon Paint 
Co.. Ltd. make). Mean particle diameter with eel internal pressure 200atm. a test chamber 
temperature [ of 35 degrees C ]. and a blasting distance of 30cm was 6.2 micrometers. The 
particle which carried out the collection was observed with the scanning electron microscope 
(SEM). and the SEM image was shown in drawing 7 . 

[0033] The effect example 6 pressure and blasting distance affect particle diameter was 
considered. The blasting distance of 30cm. the test chamber temperature of 35 degrees C. and 
the particle diameter in the range of pressure 100-250atm were measured like the example 1 



with the Shimazu laser diffraction typo particle-size-distribution measuring device (SALD-2000). 
and the relation between a pressure and standard deviation was shown in drawin g 8 . The 
particle diameter in eel internal pressure 200atm and the blasting distance of 10- 50cm was 
measured similarly, the relation between blasting distance and particle size cfistribution was 
shown in drawin g 9 . and the relation between blasting distance and standard deviation was 
shown in drawing J_0 . 

[0034] From the above-mentioned result about a pressure effect the standard deviation of 
particle diameter becomes small, so that a pressure is high, and distribution width of face 
becomes narrow. Particle o$a meter became small, so that distance became large, distribution 
width of face became narrow and the uniform particle was obtained. 
[0035] 

[Effect of the Invention] According to this invention, by making it dissolve in a supercritical 
phase using a carbon dioxide and a polar organic solvent, carrying out rapid expansion of the 
macromolecule solid-state raw material, and atomizing h. it cannot have a bad influence on an 
environment but a macromolecule solid-state raw material can be atomized stably, and powder 
coatings and fine-particles resin can be manufactured 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgr-bin/tran.web.cgi.eije 



2005/12/12 



httpy/www4.ipdljicipi.gbjp/cgHbin/tran.web.cgi.ejje 



2005/12/12 



JP.08-1 13652.A [DESCRIPTION OF DRAWINGS) 



1/1 ^-v 



* NOTICES ♦ 

J*0 tnd HCIPt are not responsible for my 
dances caused by ths use of this translation. 

1. This document has been translated by computer. So tho translation may not reflect the orifinal 
precisely. 

2. **** shows tho word which can not be translated. 
3ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawfrtg lJ It is drawing showing the equipment which manufactures a macromolecule particle by 
rapid expansion using a carbon dioxide end a polar organic solvent by this invention. 
[Drawing 2] It is drawing showing the structure of tho nozzle (the orifice diameter of 0.28mm. 
and maximum allowable working pressure of 28flkg/cm2) used by this invention. A unit is mm. 
[Draw ing 3] It is the SEM image of 35 degrees C and the acrylic resin particle which was made 
to carry out rapid expansion and was obtained from 200atm. 

[Djrawjng 4] It is the SEM image of 35 degrees C and the polyester resin particle which was made 
to carry out rapid expansion and was obtained from 200atm. 

[Dr awin g S] It is the SEM image of 35 degrees C and the epoxy resin particle which was made to 
carry out rapid expansion and was obtained from 200atm 

[Drawing 6] It is tho SEM image of 35 degrees C and the acrylic clear powder-coatings particle 
which was made to carry out rapid expansion and was obtained from 200atm. 
[Drawwg 7] It is the SEM image of 35 degrees C and the polyester enamel powder-coatings 
particle which was made to carry out rapid expansion and was obtained from 200a tm. 
[Drawing 8] It is drawing showing the relation between the standard deviation in particle size 
distribution, and a pressure. An axis of abscissa is a pressure (atm) and an axis of ordinate is 
standard deviation. 

[Drawing ?] It is drawing showing the relation between blasting distance and particle size 
distribution. - The diameter of a median and O show distribution width of face. An axis of 
abscissa is blasting distance (cm), and an axis of ordinate is particle diameter (micrometer). 
[Drawing 10] It is drawing showing the relation between the blasting distance in particle size 
distribution, and standard deviation. An axis of abscissa is blasting distance (cm), and an axis of 
ordinate is standard deviation. 
[Description of Notations] 
1 Bomb 

5 Pump for Pressure tips 
10 Extract Cel 
12 Water Thermostat 
18 Panel 
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